Uncertainty Regarding the Required Testing Methodologies to Determine Representative

93
Deformation Response
94 Manassero et al. (1995) state that specifications of mechanical properties of CB material do not 95 often provide detailed introduction about the required tests to be conducted to check whether the 96 requirements of minimum shear strength and maximum allowable strain without cracking are 97 achieved: i.e. drained/undrained loading conditions, magnitude of confining stresses for triaxial 98 tests, and rate of strain for unconfined compression strength (UCS) tests, etc. These parameters loading conditions, although these results appear to broadly support the fundamental aspects of the 129 available models. the material deformation response with curing but more likely due to the natural variation of 146 material batched from slurry. Royal et al. (2013) noted that samples containing PFA at 14 days of 147 curing or less generally failed through development of an inclined shear plane, and rarely through 148 propagation of vertical tension cracks, whereas those cured for 28 days or more failed through In contrast, CB containing GGBS were far stronger than those containing PFA. Soga et al. (2013) Soga et al., (2013) . Fratalocchi and Pasqualini (2007) investigated a CB material (using a 159 blended cement containing between 66 % to 80 % GGBS) using TXUU and TXCU (consolidated, 160 undrained triaxial) and observed that the mixture exhibited significant increase in shear strength 161 with curing on both types of test and the material was sensitive to the magnitude of the confining 162 pressure in TXCU tests (more so within the first month of curing). were observed to form on the surface of samples cured for 14 days or less, during deformation of 170 the samples, these would flow down and pool at the base; this was not observed in samples cured for 28 days or longer.
UCS) to
to result in low compressive strengths and this supports the statement, by Jefferis (2012) , that PFA 176 should be included in addition to the cement (to improve resistance to chemical degradation) rather 177 than act as a replacement material. The effect of mix design variation can be seen through the 178 difference in UCS between mix design adopted by Royal et al (2013) (Figure 1 Soga et al. (2013) also observed that the failure pattern (UCS) for many samples was via tension 209 cracking and were brittle (occasionally samples had inclined cracks); this is similar to failure 210 patterns observed by Royal et al. (2013) . Therefore, as confining pressures approaches zero, the 211 triaxial conditions will be similar to UCS conditions. The undrained strength determined by Soga et 212 al. (2013) varies from 535 kPa to 745 kPa at axial strain ranging from between 0.5 % and 2 %. Results of triaxial testing undertaken by Philip (2001) imply that the stress-strain behaviour for 240 drained (effective stress) triaxial loading is more sensitive to confining stress variation than for 241 undrained (total stress) triaxial loading; due to the eliminated pore water pressure in drained triaxial propagation of inclined shear planes. This is in keeping with observed behaviour to CB, although 293 the concrete's peak strength tends to be significantly greater and strain at failure smaller than CB.
294
Conversely, Neville (1995) observes that concrete tends to fail by crushing in triaxial compression; 295 the authors are not aware of this failure mechanisms being observed with CB. Compression crushing is exhibited by extremely stiff cemented materials such as rocks and concrete. The 297 reported outcomes of research into CB deformation behaviour have not mentioned such a 298 mechanism being observed in UCS or triaxial tests (Manassero et al., 1995; Joshi, 2009; Jefferis, 299 2012; Royal et al., 2013; and Soga et al., 2013) . which is considered to be slightly greater than for normal concretes, and the material achieves the 307 low hydraulic conductivities required for cut-off walls. and corresponding strain at failure. Furthermore, the behaviour changed from brittle strain-softening 315 to become ductile, and the failure modes of plastic concrete change from tensile to shear as 316 confining pressure is increased (Figure 8 ). This is similar to the pre-peak behaviour of CB 317 materials with GGBS in certain circumstances (i.e. under effective confining pressures less than 500 318 kPa), but is not an ideal comparison as CB experiences strain-hardening in drained conditions and also appears to experience greater strains at failure (for lower peak strengths). fabric prior to achievement of the peak strength (Farmer, 1983; Yang and Jing, 336 2011; Wang and Xu, 2013; Jia et al., 2013; and Alam et al., 2014) , and this behaviour could also 337 occur in CB materials when deformed.
339
Microcracking
340
A generalised curve of stress-strain behaviour of brittle rock is presented in Figure 10 : the model 341 suggests that rock deformation process in UCS test can be divided into six stages which are shear planes (this is a function of rock strength and degree of confinement) (Farmer, 1983) .
350
Therefore, during stage (D) the rock is suspected to experience changes in hydraulic conductivity 351 due to initiation and propagation of microcracks, yet the rock has not reached its peak strength. 
Overconsolidated Clay Deformation Response
383
CB has previously been likened to overconsolidated clay as the undrained response of 384 overconsolidated clays would appear to be similar to that of CB (containing GGBS, those with PFA 385 illustrate significant softening post-peak). However, this analogy appears to be less than ideal as 386 the consolidated drained response for overconsolidated clays do not appear to replicate those 387 encountered for CB. Burland (1990) investigated London Clay ( Figure 11 ) and a clay from Todi,
388
Italy (overconsolidated intensely fissured), and found the behaviour of the two clays to be similar. 389 The response of overconsolidated soils to deformation reported by Burland (1990) has also been 390 encountered by others (e.g. Roscoe et al., 1958; Georgiannou and Burland, 2001; and Atkinson, 391 2007).
393
Whilst there may be similarities between undrained stress-strain response and consolidation (Lade and Overton, 1989; Indraratna et al., 1995; Cokca, 2001; 455 Lee and Lee, 2002; Moses et al., 2003; Rao and Shivanda, 2003; Chew et al., 2004; Horpibulsuk et 456 al., 2004; Lee at al., 2005; Consoli et al., 2007; Tang et al., 2007; Chiu et al., 2008; Kamruzzman et 457 al., 2009; and Horpibulsuk et al., 2012) . 
514
The behaviour of rocks would appear a poor comparison to CB, even 'weak' sedimentary rocks are 515 likely to be significantly stronger than the majority of CB used for low permeability cut-off wall 516 applications. However, deformation behaviour of rocks has been widely studied, and it has been 517 identified that microcracks will form (within brittle materials) and congregate well before the peak 518 strength is achieved, and this could also occur within CB barriers. Microcracking prior to peak 
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